Disorder-Order Transition in Melt-Quenched MOF Glass:Insight from ZIF-4 by Zhang, Jiayan et al.
 
  
 
Aalborg Universitet
Disorder-Order Transition in Melt-Quenched MOF Glass
Insight from ZIF-4
Zhang, Jiayan; Bennett, T.D.; Yue, Yuanzheng
Creative Commons License
Unspecified
Publication date:
2017
Document Version
Publisher's PDF, also known as Version of record
Link to publication from Aalborg University
Citation for published version (APA):
Zhang, J., Bennett, T. D., & Yue, Y. (2017). Disorder-Order Transition in Melt-Quenched MOF Glass: Insight
from ZIF-4. Poster presented at Materials for Energy Applications through Neutron and X-Ray Eyes, Göteborg,
Sweden.
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            ? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            ? You may not further distribute the material or use it for any profit-making activity or commercial gain
            ? You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.
Downloaded from vbn.aau.dk on: November 30, 2020
Disorder-Order Transition in Melt-Quenched MOF 
Glass: Insight from ZIF-4
Jiayan Zhang,1,2 Thomas D. Bennett,3 Yuanzheng Yue 1,2,* 
1 State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China
2 Department of Chemistry and Bioscience, Aalborg University, Aalborg 9000, Denmark
3Department of Materials Science and Metallurgy, University of Cambridge, Cambridge CB3 0FS, UK
E-mail: jz@bio.aau.dk； jia_yan_zhang@126.com
Metal-organic frameworks (MOFs) are a new family of glass-formers that
adopt networked structures of metal ions connected by organic ligands
via coordination bond1-3.
 Zeolitic imidazolate frameworks (ZIFs), a subclass of MOFs that possess
high chemical and thermal stability, have attracted increasing attention..
 The majority of MOFs decompose directly upon heating, instead of
melting. But a few of MOFs can be vitrified, e.g., ZIF-4, if it can be melted
before decomposed1.
• There are no peaks for ZIF-4 glass.
• Raman peaks occur for the heat-
treated ZIF-4 glass.
• These confirm that the crystals
appear at nano-scale, which are
larger than medium-range order
structure.
No Bragg peaks occur, hence there is
no long-range order, but nano-
ordered domains might appear.
Liquid-state NMR
Introduction Disorder-order transition in ZIF-4 glass
 Disorder-order transition in ZIF-4 glass is discovered.
 After heat treatment, some ordered domains are formed. However, 
ZIF-4 glass is still in amorphous state.
 The mechanism of this disorder-order transition remains elusive.
 New techniques should be applied to characterize structural features 
during the transition, such as neutron scattering.
Conclusion
 Does ZIF-4 glass recrystallize like most of inorganic glasses?
 How do the structure or topology vary in ZIF-4 glass upon 
heat-treatment above Tg?
Raman
Powder XRD
• Local environment around the 13C is almost the same. 
• 1H resonances of crystal, glass and “recrystallized” sample appear at 
different chemical shifts. 
• These indicate that heat-treatment causes the structural change. 
Why neutron scattering?
Disorder-order transition in ZIF-4 glass has been studied by performing heat-
treatments and structural analyses. Neutron techniques are expected to help 
to answer these questions :
• At which length scale the order-disorder transition occur in ZIF-4 glass? 
• Does the heat treatment induce change of coordination bonds (Zn-N) in 
terms of bonding length and angle, and recovery of the distorted network?
melt-quenched
ZIF-4 crystal                              ZIF-4 glass
t=5min T=723K
Thermal response of ZIF-4 glass
• Tg increases with annealing temperature, indicating the enhanced
connectivity of the network in heat-treated ZIF-4 glass.
• Tp decreases with annealing time, indicating the ordered domains occur,
which make nucleation easier.
• A distinct exothermic 
peak appears around Tp
prior to decomposition 
(see mass drop).
• How does the structure 
of ZIF-4 glass change 
during exothermic 
response?
• At which length scale do 
the “crystals” form?
t=60min
• The FWHM decrease with
annealing temperature.
• This implies an increase of the
degree of order and the ordered
domain size.
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Zoom in
Similarity in structural bonding units 
between ZIF-4 and SiO2.
T=723Kt=5min
